


Alpha Omega Publications® 





Digitized by the Internet Archive 
in 2021 with funding from 
Kahle/Austin Foundation 


httos://archive.org/details/ison_ 9781580954617 


MATHEMATICS 1101 
SETS, STRUCTURE, AND FUNCTION 


CONTENTS 
J SLE US Es ie er eT ee oe er 2 
PRODUC Siete aie lise ace ete hes 2 
WPELAMOMNS te ee ee a oe ee 6 
Simo MIEN CS MAUD ER gn footie on ae Soe a A Sess eee ee ee 10 
PRAT OTIS wie Cee pint ee CANIN: WIP OME 8 A ee a ea 10 
PAD DIICAMONS ers ytte cal ee cp tec ns a). ie ara See 12 
ill. RELATIONS AND FUNCTIONS .................. 16 
TM MIOUS Peer rie cers tt ott e be 8a tae era 16 
ETRE Ye) IS) Uses Bek ce piel eee sea An A PPE Bere 18 
BUNCUONMNOLANONas ex 20010029 2a es oe eee 20 
WIN GISCSte a he ehh ot edt oh ee ee 23 
IV. ALGEBRAIC EXPRESSIONS ..................... 27 
EXDONCINS a) cto theese aaah oagee cel ee ee 27 
GOMDINING hel S: Grate ok nye oe oe eee esc aeaee 33 
Author: Robert L. Zenor, M.A., M.S. 
Editor: Richard W. Wheeler, M.A.Ed. 


Consulting Editor: Rudolph Moore, Ph.D. 


Thomas Rush 





IWlustrator: 





Alpha Omega Publications? 


804 N. 2nd Ave. E., Rock Rapids, [A 51246-1759 
© MM by Alpha Omega Publications, Inc. All rights reserved. 
LIFEPAC is a registered trademark of Alpha Omega Publications, Inc. 


All trademarks and/or service marks referenced in this material are the property of their respective owners. Alpha Omega Publications, Inc. 
makes no claim of ownership to any trademarks and/or service marks other than their own and their affiliates’, and makes no claim of affiliation 
to any companies whose trademarks may be listed in this material, other than their own. 


IATL | 


‘Talis 


u 
a ae 


5 F nwene y 


3 _ te > Ss A ; 
< * ss : Ms, 7 Py — 
ur he 00 Wi of wy iL : 
me athen ies iNeed tan, 
han ant 





SETS, STRUCTURE, AND FUNCTIONS 


The main theme in the study of mathematics in addition to the concept of functions, this LIFEPAC® 
commonly understood to be the function. Importance contains a study of sets and the algebra of sets, the 
of the function becomes more evident as you continue properties of the real number system, the skills 
your study in mathematics. Many skills have to be involved with combining algebraic terms, and the use 
mastered in order to study functions effectively. In of the exponent. 


OBJECTIVES 


Read these objectives. The objectives will tell you what you should be able to do when you have suc- 
cessfully completed this LIFEPAC. 


When you have completed this LIFEPAC, you should be able to: 
1. Combine sets through intersection and union. 


2. Identify subsets. 
3. Perform multiple operations of an expression in correct order. 
4. Identify operational axioms when simplifying expressions. 
5. Identify a function and its range and domain. 
6. Evaluate functions. 
7. Find the inverse of a function. 
8. Express repetitive factors in exponential notation. 
9. Evaluate numbers raised to a power. 
10. Express fractions as numbers with negative exponents. 
11. Simplify exponential notation. 


Survey the LIFEPAC. Ask yourself some questions about this study. Write your questions here. 
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Sets, a concept as old as man, has a definite 
mathematics. 


collections of objects. ; 
"members of a particular organization," or "the set of planets," as being 


place in the study of 
From earliest times men have thought in terms of sets or 


We can think of such things as "sets of dishes," 


natural in our environment. In mathematics, a set, symbolized { }, ised 
well-defined collection of objects. We need to define the properties of 


sets as they apply to mathematics so that we may use these properties to 
justify mathematical operations. 


Natural numbers are counting numbers 
frome) cosintinity: 


Whole numbers are all the natural 
numbers plus zero; whole numbers 
range from’ 0 to infinity: REMEMBER? 
Integers are all positive and nega- 

tive numbers and zero; integers 

range from negative infinity to 

positive infinity. 









ay Sai sas Op pet SY 


op ey ROPERTES TENE 


iE ipa rg SIRS i A NCC abana oe 
a5 SCAN RHO nNIN ces eatie 


In this section you will be concerned with 
the definitions, concepts, and operations of sets. 
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A. Model: If A is the set of whole numbers, 
then 7 € 4 and is read, "Seven is 
a member of Set 4." 


Br sModel i: “fhe set of states in. the United 
States is finite and numbers 50. 


Model 2: The set of whole numbers is 
infinite. 


CG, Model ts -lf Set A is the. set. of even. whole 
numbers less than 10, then the list 
method would..be.4° = {0;2,. 4,6, ° 8). 


Model 2: The rule method uses set-builder 
notation. 4A = {x | «.is a whole 
number < 10}. This notation is 
read, 'A is the set of numbers such 
that x is a whole number less than 
10." Note that 10 is not an element 
of the set. 





| Using the list method, write the following sets. 
ool iie-oda intesers=between -2. and 415 3 


iy The even whole numbers less than 8. 





13 The perfect square integers between 1 and 80 inclusive. 

Iie Bret rn ne ee eee 
1.4 The last names of all your teachers. 

re ee ee eee 
thee) Every two-digit number whose units’ digit is three times its 


tens' digits. 
ene ee ee eee ee Pe ee Pe ee eee ee 


\=\ Using the rule method, write the following sets. 





7a. 6,8, 10, 12} —— ____ 
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PROPERTIES OF SETS 
D. Two sets are equal if the elements are identical. 


E. Two sets are equivalent if they contain the same number oe 
elements. 


tf every member of Set A is also a member of Set B, then 


A is asubset of B.. This property in symbolic form is 
a 8. 


An empty set is a set whose elements number zero. The 
symbol for an empty set is @. 


The empty set is a subset of every set. This property in 
symbolic form is QC A. 





D. Model: Lica veii 2 ane 26 oe ae kee 
then A = B. 
E. Model: Too A= 1 Yo and 8 = PY Go Rr. 


then 4 is equivalent to 8. 


F. Model: Tf A V2.4, 6) and B= 
Pee eo OF On at hen An Gp. 


i} 


Replace the question mark with the symbol = (equal to) or # (not 
equal to) to make the expression true. 
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{1, 2, 3, 4, 5} ? {whole numbers between 1 
and 5 inclusive} 





lest {Adams, Polk, Harrison} ? {all Presidents 
of the United States} 





Write the number of elements in each of the following sets. 


GelO. MAL. Bch 

ilemalerg {0} 

Tore A) 

1.19 {Students in your room} 

1.20 {Whole numbers between 3 and 15} 








Complete the missing part (?) that will make the statement true. 
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-| Write the answers for the following three groups of problems. 


Given that A = {a, b, ec} 
List all of the subsets of A that have exactly one element. 


oe ee ee ee 


List all of the subsets of A that have exactly two elements. 


oe ee Se ee 


List all of the subsets of A that have exactly three elements. 


a en re eS SS ee ——e——————ee—————EEEe——eeE 


How many subsets does Set A have including 9? 


Oe ee ee SS EE ——— SS ee 


Given that. 8 = 11, 2,.3,.4) 
List all of the subsets of B that have exactly one element. 


pe ee ae a ee ee a eS SS SS SS SS See 


List all of the subsets of B that have exactly two elements. 


(2 en 


List all of the subsets of B that have exactly three elements. 


Oe a SS SS 


List all of the subsets of B that have exactly four elements. 


ee 0 Se 


How many subsets does B have including 0? 


0 


Givenc =1(M, oN 05-P, 9} 
How many subsets does Set C have including 9? 


a ne EEE REETETS 


5 


1.36 Write a formula for the number of subsets of any set; identify 


any symbols you use. 





OPERATIONS 






In arithmetic the operations, adding and 
multiplying, were defined and developed. Simi- 
larly, in the algebra of sets, we define two 
other operations. They are unton and intersec- 
tton. The algebra of sets is built around these 


two operations and around the properties just 
defined. 


OPERATIONS OF SETS 


| A. The unton of two sets, A and B, is a set whose elements are 
those that appear in both Set A and Set B, _ without a 
Eton... Thé symbol for union isu). 


The Oe of two sets, A and 28, is ‘a set whose ae 
elements are those that are common to A- and .&. The symbol 97.3 
for intersection is(). 





pw MOdeL 2a it Ae 28) Ando a 62. 8 ae 
then 2 8 = {162..35) 4). (4 wie sis 
read the union of 4 and 8B.) Elements 
2 and 3 are not repeated. 


AWB is commonly described as the elements of 
Set A or Set B in the sense that the elements of 
AU B--1, 2, 3, and 4--are found either in Set A 
or in Set B. The word or is used here not in 
the sense of choice. 


Model 2:- 210 = 1a,.),,¢,.d), and p= lo vo. 
then Ci) Dp =a, b, e, a}. 


Notice that in Model 2 all the elements of D are 
in C. Therefore, the following property is evident: 


ED Coan, then C430 =<¢. 
Bb) Model t: [fg = 11.2.3) 4nd 6. = (25 3 2p 


then EO F = V2 ros Le On ee read 
the intersection of F and F.) 





EC\ F may be described also as the elements of 
Set E and Set F in the sense that the elements 

of EQ F--2 and 3--are found in both Set # and 

in Set F. The word and is used here in che sense 
of common occurrence. 


Modele2= “lf Ga= ia; by 


; d} and H = {b, e}, 
then G4 


oe 
Come niet 
Notice that in Model 2, 


eee Ge sehen a OG =f. 





: Write the following sets. 
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| Write the following sets. 





Given D = {x | X is a whole number} 
BE = {X | X¥ is a perfect square < 100} 
F = {x 


x is an even number between 10 and 20} 


SES NESS 
48 DACP 
49 EUF 
S50) DO: 
Si DOF ee ee ee ee 
sbvar eves 





Po DO. (CF OF) 
BSG CY ey F) 


aS Sue ee) (2 CVF) 


PF FP FP YP Ff FP FP FY eB 


5 60ND) (BC) PF) 


} Write the letter from Column II that matches Column I. 





Column I Column II 
NO) poe el ae AG eS a. Q 
Ae oh= eee mene DG Phe, Doane 
One as ee ee OY) e. ‘Then\4 0 B= "8 
SAO seg eee ae ee es Ash 0 dares 
10 Gir ee he ee Ws: oh eyo Then. 4 b= 6 





Review the material in this section in preparation for the Self Test. The Self Test will 
amy check your mastery of this particular section. The items missed on this eel Test | al 
" indicate specific areas where restudy is needed for mastery. eg 





_ SELF TEST 1 
Write true or false Gench question, 1 OLNEY: 
1.01 _._.——sA' = -*{X | ¥ is an even number between 0 and 2} = Q. 


P0292 se Set 4 Sa subset of itselti ry 4-aeay 


Write the complete answer on each line (each question, 5 points). 


1.03 If AC B and BC A, what else is true about sets A and B? 





1.04 List all of the subsets of {a, b, ec} (No partial credit). 


ee ae Re = a nd eae Maarten eee ein Rrra TS AE 
1.05 How many subsets are there of {a, b, c, d, e, f}? 


Write the following unions and intersections (each answer, 5 points). 
GIVENUAS EAVES {37D p01, Oh pap mil 2) UO? (Sm LO mera oe no mG me nO 
T06- AU) 
Oa VARC SE 


10886 ACE Wayne) 
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This section contains axioms that will be used to justify the 
manipulation of algebraic expressions. Auwtoms are statements about 
mathematics that are accepted without proof. You might recall that 
theorems are statements about mathematics requiring proof. All the 
axioms or properties of the number system given in this section will 
be used in subsequent Algebra II LIFEPACs. 






AXIOMS 





In mathematics, addition and multiplication 
are operattons. Subtraction and division are 
derived from these two operations. If we add or 
multiply two elements in a set, the result is a 
untque element of that set. 


Closure: if a € R and b € R, then a + bd and 
a * b are unique elements of 2. 


If a, b, c € R, where RF is a set of real 
numbers, then the following statements are true: 






GENERAL PROPERTIES 2 





A. Reflexive property: a] 






B. Symmetrte property: if q = 







relies Gebeeee 







PROPERTIES OF ADDITION 


D. Commutative: atb=bta 





1. Assoctative: at (b + ce) = (a eb) Fe : 7 . 






E 
Fr. Identity: at 0g 
G 


Additive inverse: a+ (-a)=0 





10 


D: Models: Cee oS + 2 
Perete me 2 
Gere or hay) oh ie ke uCy. +: 3) 
E. Models: Spoercon st 2 ee 03 +5) + 2 
4+.(2 +2) = (4+ 2) +2 
Cork ero Das Cot 4 + y) + 3 
F. Models: 6+ 0 = 6 
zxct+O=2 
(a+b) +0=atb 
G. Models: 3 + (-3) = 0 
eer Cee) =O 


PROPERTIES OF MULTIPLICATION 
Commutative: a+b=b-ea 
Assoctative:. al{h + @¢) = (a * be 
Identity: qt l= a4 


Multiplicative tnverse: a°* - = 1) a 7.0 


. Distributive: a(b +e) =(a* b) + (a* ee) 


Zero. ag + 0 =.0 





H. Models: eS iy ee pred fy 
Bese) «ee Dinas Lae 
Dra Nore aert iy) 5 

J. Models: LOCa 2 2) S205 2 

; 10(x By a LO eae) S 

K. Models: 34021253 
ce b= 2 

i. Models: is - = ] 

eee 0 
Ae ee eal) AB 
i ee ee FO 

48 ~- 

M. Models: EAS ERD ea GCA 8s (hs a2) 
S052) t= 03 (8 uc (9s 4) 
gtr tu2) = (as 2) 02>" a) or az + 2a 

N. Models: 6° 0=0 
xe 0=90 
(a - b)0 = 0 


Ue 









| Write the letter for the number property from Column II that 
| justifies each statement in Column I. 


Column I Column II 
Deel: On ee cnn a. reflexive 
Ze 8 = 8 b. symmetric 
hs) 7 Peed er c. transitive 
Vise 5* 00 d. commutative-addition 
2455 6(3 oY) am Con ty Sys) e commutative-multiplication 
2.6 OGOi Fal) Sree S Gee f. associative-addition 
Pea Tibia? oe hier” a BS) g. associative-multiplication 
205 Ifx=y, then y = 2 h. distributive 
2.9 LON CSch 2) er LOS eae dent teveaddimron 
ZreO GES0Ge. 6 j. identity-multiplication 
Zev, 8- l= 8 k. multiplicative inverse 
Dake. iiec =ay anda, = 7. 1. property of zero 

then « = 7 





The properties or axioms are used to justify 
the operations of arithmetic--addition and multi- 
plication. In this section we combine arithmetic 
expressions by addition and multiplication, and 
we justify each step by the number properties. 


Write the number property(s) that justifies each of the 
following expressions. 





Property(s) 


Ze 0 CLG ety Oa ae (6 e+ 14) +27 0e= 
2007 0890 


214 8+ (6+0) =8 +6 = 14 
eo 2 (5 Fe) |) =a 2 ree) ky a= ee yen 0 


2.16 20 + (88 + 280) = 20 + (280 + 88) = 
(20 + 280) + 88 = 300 + 88 = 388 


12 


Zale erence 2 Se) 4s 25)s 13 os 
100 - 13 = 1,300 


1 / 
Mae GE 17) a ES i ar ae ba 


2.19 If eba represents three numbers 
multiplied together, what property 
allows you to rearrange the factors 
to read abe? 


To multiply 6 « 26 mentally, rewrite 26 as 
25 + 1 and enclose in parentheses so that 6+ 26 = 
6(25 +1) =6 * 25 +6-° 1 = 150 + 6 = 156 (apply- 
ing the distributive property). With some prac- 
tice on paper, this manipulation can be done 
mentally. 





Multiply the following expressions mentally and write the 
cum One LOS =O CLO0s+ 3). <= 
Powel cete 22 =a 2020 +2)" = 


Pelee 55 =. 9 (30 + 3) 
ome oe i = 3 CL 0+ <2) 


W 


D2 ee ein Bebe CLON—- LL) 


hm PhO NH WH WH WH 


Rl eile Loa on 20-+: 3) 


Il 


To find the value of a multi-step arithmetic 
expression, a definite order of operation must 
be followed. 


Expressions without parentheses: Multiply 
and divide left to right first; then add and 


subtract. 

Model: 6 288 8 a 2 
Riret, multiply 12 Ge 3242 
then, divide uae 16 
then, add 20 


13 


answer. 


Expressions with parentheses: First, evaluate 
the numbers inside the parentheses; next, multiply 
and divide; then, add and subtract. If the 
parentheses contain more than one operation, 
evaluate the expression in parentheses in this order: 
multiply, divide, add, subtract. (Always work left to right) 


Model 1: 8( 224) eb 


First, evaluate the 
expression in 


parentheses 8(6) + 16 

then, multiply A842 16 

then, divide 3 
Model 2: 20 - 5(8 = 6) 


First, evalute the 
expression in 


parentheses 20:25 5€2) 
then, multiply 20 - 10 
then, subtract 10 


Evalute the following expressions. 





Pde» PS GS BYR Ns, 
Zlmeee LO yarns 





W20m 4s Foe +e oye 8 
Zo meenOwe Ji eG wat: 





230) elOes 5 +605. .3 
Pome wo (Gren 3 ke 3s 4) 
Gare. eee, 

sae) Gl6s F200 





i 1 ‘ 
-O4 Ce men Ceratn, ORES a 
eon Bers) oe saa 
B86) SO Dot 609-23) 12 ea 


Sol, pe Gere ll sim (2etee |) 


2 
2 
Ms 
2 
2 
2 
Zao 
2 
2 
Z 
Z 
2 
2 


LLY eegy mead. 


14 


2739 Gram ete 3.(5 = - 2). 


Zo Owe Smelt a2). 





aaa ae oe ei oh ee aa Raa) 
ee gon Ie Seon Sapien eas ee CA 


veer eee items. 





2.01~ Evaluate 10 + 4(3 + 2) + 5 +12 + 6 (4 points). 
2.02 What axiom allows x10 to be written as 10x (3 points)? 


2203 Name two axioms that allow 6 + (x + 5) to be written as x + 1l 
(Supoints each)tes a. andaib: 

2.04 Name the property that allows the statement 10 = y to be written 
as y = 10 (3 points). 

2.05 Evaluate 3{5 + 3110 + (4 - 8)]} (4 points). 


88 


Complete these items based on the following information (each answer, 
Bepoints- except 2,00)™ 


Corer wipers oye a2, 4, Oh, C= 11, 2,93) 4, 95 Or, 8} 


2.06 Write all the subsets of Set A (each set, l point)? 


ee ee SS Ee a ae ee 


2.07 How many subsets are in Set C? 





208 Pind. AU) 8: 
2.09 Binds): 


PeOlow Find A.B (1c: 





Score | 
: Teacher Check 





Initial —dDate 





15 





Within mathematics are many sub-systems. These systems are gener- 
ally independent of each other, yet they are inter-related and connected 
in several ways. You have studied one such system known as Euclidean 
geometry. You have also studied about sets. This section contains some 
of the basic ideas about functions. The terms and concepts of range, 
domain, inverse, and the arithmetic of functions help define this system. 


= 


_ DEFINITIONS 





In this section you will study and apply the 


meanings of a relation and a function. 
A relation is a set of ordered-pair numbers. 


(6, 2) is an ordered-pair number where 6 is 
called the first element of the pair and 2 the 


second element. The pair (2, 6) is different from 


(6, 2) in that the order is different. 


Models” = (6, -2)5 202 60), oh aed), 1045-008 


A is a relatton because A is a set 
of ordered-pair numbers. A is 
fintte with 4 members. 


Model 2: 8 = ((c, 4): | o- ty = 5) 


Set’. is a relation; it isi also ‘an 
infinite eet. 


Note that Set A is designated by the 
titst method and Set B by the rule 
method. —A() 8 = ((4, Ll) es Oe is 
an infinite set. 


A funetton is a set of ordered-pair numbers 
such that for each first element there exists one 
and only one (unique) second element. 


16 


REMEMBER? 


A function is a relation; however, all rela- 
tions are not necessarily functions. 


Pode? 81>) Co, 1), (8, 2), (9. 5), (4, 10)} 
Set C is a function because each 


first element has a unique second 
element. 


MOGeI 26 eat? 2) Cy bk). C2; 24° Con ot 
Set D is not a function because first 
element 2 has two different values 
for second elements, 6 and 7. Dis 
a relation, however. 

Model 3: #£ = {(x, y) | « - y = 8} 


Set F is a function. 


The set of first elements is called the domain 
set of the function. 


Model: Peo 1). (6822) GPA By Corey 
The’ domain of F = {5, 6, 7, 8} 


The set of second elements is called the range 
set of the function. 


Model: Gomes a2 ue (=, O)40+C-a e910) 4 
The: range of G ='{3, 7, 9,.10} 


| For sets A through F, write: 

relation if the set is a relation but not a function; 
funetton if the set is both a relation and a function; and 
netther if the set is not a relation. 





Syoal Ap mea? ES ado Dt 








Sar Pace rClomO) es, +C0.,) )) 





ee CRBC 2 n>), 26050) C2, AD) 





3.4 meal ee? na taee2) 9 (3) 2) 4. C42) } 
hse Peron ye (4) (5. ee (Oso )y 








3,6 Pea (oc yy |e + ye = 10) 


ii 





Complete these activities. 


Sai! Write the domain set of Problem 3.3. 
3.8 Write the range set of Problem 3.5. 
ot Write the range and domain of 3.6. 
30 Write the range and domain of 


De= er) y = x}. 


a ee 





The graph of an ordered-pair number is a point 
on the rectangular coordinate axes. The first 
element is the measure of the distance along the 
horizontal axis. The second element is the 
measure of the distance on the vertical axis. 


Modell: The ‘point 4A (1..2) is 
located one unit to the 
right of 0) the origin: 
and two units up. 


Model 2: The point 8 (-Z2, -3) is 
two units to the left 
of 0, the origin, and three 
units down. ; ? 


Graph the following sets of points on the graph paper provided in 
this LIFEPAC. Label each graph with the letter of the correspond- 
ing set. 





lp ah Ape Glog2)s, 0025. oer oe en (at gD Jo) 
Bri? Bem=eClo 2) ,) (2, Lye (aha Q\en (am o1)s 
Biel OE Cul Shey ol (Oly Ns me 1G are) Ke PRs we) 
3714 ID CPSU RR Ye ok) OGLE) PP Ge we GE aya 
oho) Hee Ore) ya, Chee )0, (Oy = 1) CD eeneh) | 


Complete these activities. 





i 1K) Which sets in Problems 3.11 through 3.15 are not functions? 


18 


Notice that if you can draw a 
verttcal line through two points 
of a set, the set is not a func- 
Pon. 


Model ar =hi(U 3), 0204).) (1, 5)3 


(Fetes not avftunction.) 


SA ts Find three members of the set 
eam, 1) | eo =O} 
locate these points on the 
coordinate axis, and draw a 
line connecting the three 
points. “Use x2.= 05-7, 4. 





Bel opeers cet. in Problem 3.17 “a function? 
3719. Is the graph in Figure 1 a function? 


3.20 Is the graph of the set of points in Figure 2 a function? 





Figure l Figure 2 


Ves) 


FUNCTION NOTATION 





For convenience in this LIFEPAC and in sub- 
sequent LIFEPACs, we need to define a notation for 
a function. The graph of a set of ordered-pair 
numbers, for the most part, will be a line or a 
curve. This line or curve will be identified by 
the letter of the set. For example, F = 
{(x, y) | x - y = 1} represents a line and it 
is also a function. We will call its graph, 

F. The graph of the function of G = 

CC mes ac eye wih lebescabledac mmr ihe 
notation F(x) is read F of x and denotes the 
graph Ff at a particular value or «. In Set £2. 
if « = 5, then y = 4, because 5 - 4=1. We 
use the notation that F(5) = 4. This notation 
means that when x = 5, the corresponding value 
of y in the F set is 4. F(x) then becomes the 
vertical distance on a graph, or an expression 
for y. We often say, y = F(x). 


Model le @ = (es, 4) {2a + 7 = 10}. 


To-tind G(l) replace « with 1 in 
the rule for G and solve for the 
corresponding y value: 


2(l)o+ ye= 10 or 2. + y =.10. 

y = 8, 
Thus, G(1) = 8, and we may write 
the ordered pair (1, 8) as an 
element of G. 

Model 2: [0 find ¢(-2)> replace sawith =? 


in the rule for G (see Model 1) and 
solve for the corresponding y value: 


2(-2) + y = 10 or -4 + y = 10. 
y = 14, 


Thus, G(-2) = 14, and the ordered 
pair is (-2, 14), a second element 
OFLC. 

Modeiys 38 ee.1 (e574) eet yy = 2), 
Band: 205) i+ 7( 2): 
First, replace « with 5 in x - y = 2: 

ETC tracer ae mea ye apie a 

Thus, #(5) = 3. 
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LIFEPAC TEST 





MATHEMATICS 1101: LIFEPAC TEST = 


Complete these activities (each answer, 4 points). 
Given =O, Eley = ea ee = ee 


AGG, 





Kv) H 





Katee GA NH 





All subsets of 4 








Number of subsets of KU¥dZ 


fom AS SSS) 


Number of elements of KUGU¥# 


Evaluate each expression (each answer, 3 points). 
Teme oe Oo De 10 
hg NS Soe Sy pe Me Mas 


Select the axiom(s) that could be used to justify the following statements. Choose from the follow- 
ing axioms: Multiplicative Inverse, Additive and Multiplicative Inverse, Commutative (addition and 
multiplication), Associative (addition and multiplication), or Distributive (each answer, 2 points). 


reer Stays +o) si era eG 
LQ vez 





D: 
i Wenesee 5 vs (aly au, aes 





Eee LOsr a 12 = 26 10 





Complete these activities. 


Given Fear Cotes En Oe oa (Ce 3 eee 1), (9, 7)} (each answer, 
S points). 


13. Write the range set of f 
ee ee 


14. Write the domain set of f 
es oe ee 


15. Is f~' a function? 
Peet Me eee 


Given f(z) = «* + 5x and g(a) = 2x + 1 (each answer, 4 points). 
LG =f C=2) 
7. 9 (3) 





Ono s, GO )eteg.G0) 
19. g(3) - f(4): 
20. g(a th) - g(a) 


Write each expression in exponential notation (each answer, 3 points). 
7h eee lel Ue heaiato 

LODO esp. 3p 85D 

12 Me, ON We Sd She go RR ato 


Write each expression without exponents (each answer, 3 points). 
24 ee 3x 

2a (a) 

26. (abe)? 


Express in simplified exponential notation (each answer, 3 points). 
Tp ASSO pica EO 


28. «2% © x° 


09a Ok nad 8 
rie 
30. 18a~b 
2ab 
s 2 
31. 2 Gp c 
aaa pcm 


Evaluate each expression (each answer, 3 points). 


VE ahs 
B3e5 232" 
eV, Mees 


Combine like terms (each answer, 4 points). 
6509 5h =" 2h 
36. Ta +t 3a - 8a 


37. 622 - 2x + w* + 5x 


- 
a 


Daa) teow 
(eno \D aod) 


co 
fo) 


39: 
40. 


Go Se Za tie LG SP) 





x 


NOTES 
3 





Then, replace x with 2: 
peer ges 2. 0-4 =O, 
Thus, #(2) = 0. 


Hence, #(5) + #(2) 


Model 4: PF 
G 


WG soo) 8 fa Ma 


oul 


{(z, y) | 2¢ + y = 8} and 
ELROD Hel ae! ele anally 


Band 3 @3)a-hMG C2)4 


First, replace x with 3 in 
20 yi = 28: 


203) 4 = 8 or 6 + y = 8. 
Y= als, 
Thus, F(3) = 2. 
Then, replace x with 2 in y = x’: 
peel ran ty aL 
Thus, G(2) = 4. 
Therefore, F(3) + G(2) =2+4 = 6. 
Previously we said that y = F(x) or y = G(az), 
depending upon the name of the set. A more con- 
venient notation is to replace y with f(x) in the 
rule of the set f. Hence, if f = {(x, y) | x + y = 10}, 
and if y = f(x), we have 
Cate (oe = aL 0 Oat. (2) -= 10 s—x 


This form of the rule for set f is a more 
direct way of finding members of the set. 


Modéel5': SEE f Ge) =210.- «, 
then =f (2) 1=110--42-or ((2)°='6,- 
and f(20) = 10 - 20 or f(20) = -10, and so on. 





Evaluate the following functions. 


“Clea ee RE SOs Te aes 


SRP mm CDs) igh a Fe ae 24 fb) 
er MD Jae ee Pee ee 2 wey GO) 
eM Ged) ieee a eee) 3 26: gg (3) 


21 


Uo 


COT CO CO. CS CO OO an CO CD EE (OS CC) CO SE CO (D(C On GD) 


Model 6: 


Model 7: 


¥27 eee) 
22850 g CO) 

£29) od) 

0M (22) 

te) +443) 

2 Gy aaah) 

733, g(20) +-7(6) 

Poe oe 08) +eG(2) 1 

M50 FG lye 54 (23) 
Cli 2) a 0, (10) a) ee? 
wot ee TA) 

.38 3+ g(5) 

eS ae yy A) i 

a Ome Gly le 

41 2f(1) + 39(4) 

eae (3) | 5 heai(5) 

43) if (2) = 6(L))7 

44 [f(6)]17 - [g(3)]? 
mom L0;(101)) = 4100,3)) 


A(r) = tr?. In this function, tr? 
represents the area of a circle; 
hence, A is the name of the set of 
ordered-pair numbers such that if 
r is known, then 4A can be found. 
For each r there exists a number 
called area. A(2) means find the 
area of a circle given that the 
radius is 2. A(2) = 122 = dr, 


hte) ee? 2 Oe FT. 
Find h(a). 
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When proving theorems, many times we 
need to use constants such as a, b, and e 
in the h function. Hence, h(a) means 

to find the corresponding second 

element when x = a: 


ny =a’ - ae 1; also, 


htaet Ly = (atk)? = 2 (at 1) +l, 


"| Evaluate the following functions. 





BGivene Coe oe 1 


SNS) F(a) 





Cade Fa + 1) 
3.48 F(a + h) 


3.49 Ca eh) — iF Ca) 


3.50 F(a + os - F(a) 


INVERSES 








¢ The inverse of a function is found by inter- 
changing the range and domain and is designated 
by the symbol f-. 


The inverse of a function is a set of ordered- 
pair numbers in which the range set is interchanged 
with the domain set. 


Model) ath, = 112, 3), , 8), UW. 1033, 
the inverse of f is the set 
ws 2) (07) LO a yh. he 
symbol for the inverse set is f7°. 
The -l is not an exponent but the 
symbol for tnverse. 


Moder 2. TE os tl 5) (2) 6), O38) a, 
then ¢-7 = 405, 1)) (6.52), Gi; 3037 ko, 4) te 


Notice in this example that g is a function, 
DUree wisinot. “i general, if f is a function, 
f-? is not necessarily a function. 


Previously we said that y = f(x). We then may 
substitute y for f(x) in the equation; f(x). = 32+ 1 
to yield y = 3x + 1. To achieve the inverse of 
this function--that is, to interchange the range. 
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set for the domain set--first, interchange x and y 
in the equation y = 3x + 1; then solve for y. The 
new y is (7) (x). 


Model 35. -y.= 32 41 








Interchange: « = 3y + 1 
Solve for y: y=% 3 : 

-1 cae - 1 
Thus, ("7 (2)--= 5 


Evaluate the following functions and inverses. 





f(e) = 32 +1 and f-'(~) = 224 


3 
Sr Le C2") = 54a Ch) ae 
ie Che = 3.55 f(0) - 
1) = S556). pane) ) ars 


Write Problems 3.51 through 3.56 in ordered-pair form. 


seal = ; ) 3360s 304 =e A ; ) 
Spey = ; ) EER Os Eihabwo ms =e ; ) 
S753 = ( ; ) 502) m6 = ( : ) 


Answer this question. 





Is the definition of inverse satisfied by these three pairs of 


answers in 3.57 through 3.62? 





ee a ee ee eee 
a 
Review the ee in this section in preparation for the Self Test. This Self Test will — 


~ check ae of this particulal section a ~~ as ee Hanpeeane 6 of all Palle 
_ sections. ee ee | iG | 





SEY | ET 
Ue _ SELETEST3 oe ee 
Complete these items. 
3.01 Write the elements of Set A if A = {x | « is a positive integer 


less than 12} (4 points). 
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3.02 Is Set A in Problem 3.01 finite or infinite (2 points)? 


ent ate 44, oF and 0 = (3, 4, 5; 63.7}, find (3 points 


each) 
a ica O hare 
b BU €¢ 


3.04 If P = {A, B, C, D}, list all of the subsets of P (4 points). 
3.05 How many elements are in Set c = {(1, 2), (3, 4), (5, 6)}? 
(1 point)? . 


Write true or falee (2 points each). 


Rae att NOs Oy ak = A Lp Si ow 5 te m4 2S mea a a 


LU) eee: I ae 4 SEO MekerSae ee es OR een 
i ie a Se a Gar f Be ONO en eee eh ee 
| arn 2 Cae F 


Write the property that allows the left member to be changed to the right 
member (3 points each). 


SOL pta-#a+ bd 

3.012 a(b +c) = ab + ac 

seis os + (2 4 5) =-(3 + 2)-4 5 
3.014 8+0 = 8 

3.015 If 2 = x, then « = 2 


Evaluate the following expressions (5 points each). 
3.016 3+2°-8:4 
eo, 6[5(5 + 6) + 2) + 7 


Given P(x) = «7 +2, Gix) = 3a +1, A(x) = «x 
3.018 F(2) = 
3.019 G(-1) = 
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Sn 0 208 Hi) 

OA Zl ee Cl) taek C5) 

50222 (2) 2-H) ECL) 
3.023. f(a) +°G(a) en (a) 


Complete the following activities (5 points each). 
GivengPasis( (ly 2)5e (252 CG, 25) Ces) orem 
3.024 the domain set = 


3.025 the range set = 





3.026 pq = 


y Score |. 6 ee 
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Mathematical language involves the use of the variable. When 
variables are connected with the operational signs +, -, x, and — or ;-, 
we have an algebraic expression. Over five hundred years before Christ, 
Pythagoras knew of the relationship between the legs of a right triangle 
and its hypotenuse. Many years later the theorem known as the Pythagorean 
Theorem was translated into mathematical symbols. The algebraic expres- 
sion of this theorem is a? + b* = c*, where a and b represent the legs 
and ec represents the hypotenuse. 


In this section you will review the fundamental skills involved in 
working with the algebraic terms that make up algebraic expressions. 





Exponents are shorthand symbols used to 
simplify an expression. Specific rules govern 
their use in mathematical operations. 





In the expression a’ (shorthand for a a), 
a is the base and the exponent, or power, is 2. 


Ti aoee oe = oa and l0e>otOas 10C 10 10 7= 
105. A base with an exponent is in exponential 
notation, in which we say we raise the base to a 
power. 


27 


Model 1: Express the following operations in 
exponential notation. 


8 + 8+ 8 = 83 
a6) e a e 5 6} e x = aC: 
Sp * Spy= (Ge) 


Model 2: Rewrite each operation without 
exponents. 


45> =4+4+ 4 = 64 
(72)? = Je + Tx 
(abe)* = abe + abe 
Model 3: Simplify. 
(3x)? = 32 + 32 = 9x? 
(5a)° ='5Sa + 5a + 5a = 1252" 


For any number a, a’ = a. 
Models: 5! = 5 

(2a)* = 

(-8)) = -8 


| 
ipo) 
Q 


For any number a (except zero), a°® = l. 
Models =. 5" = 1 
Les 
2). 8 1 


The following pattern of exponential numbers 
suggests a meaning for the negative exponent. 


10° = 1000 iMate) roy, 
10* = 100 LOR eam a7 
10! = 10 LO? 
1Ol ee 
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To complete the pattern, 





aimee Lo 
10 To? 
-2 _ iL 
10 SOG? and 
9a iL 
lo" = 1000 
For any nonzero number a, and any integer n, 
ci 
n 
a 
Models: 57! = = 
React 
g-2 = = 
Qn)7) = 
(2x2)? 
Model: Simplify 47°. 






». | Write in exponential notation. 


oy i LefetT6) 


OG mm Ge 0 

GOS EO" SRE Oa 

(8y) (8y) (8y) 

Sy pS sO Vee sks ana) 
HOS AROS CE sto Cs ope Me 2) 
meme a? oat Daeg) ..8 2b 


4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 


Write without exponents, but do not evaluate. 


ml Oar) ee ee ET A Ran ae 





. 

(meni (O02) ye eee Se LO (Gr) 
(TCO De ee ee IY (Eon) 
Leo mel 0 4 ee ee ee ee ee 4 8 8S 
414s) o(-d) * 
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Evaluate each of the following. 


episy | = 

10 
426 (xy) ° 
Eee | (5x) ° 

(a + bd)? 4.28 Qian 

572 
LAO ae 

5 
4.30 (-7)7? 

, using a negative exponent. 

4.340 

5 
4.35 ae 

Ay 
4.36 Te 





MULTIPLICATION AND DIVISION 


By the definition of exponents, a* means a 
multiplied by itself three times, or a * a a; 
and a“ means a multiplied by itself twice, or 
ge Oe 


Multiplication and division of bases with 
exponents involves adding and subtracting the 
exponents. 


Cpe a = a( outed peed iG Bsa) 
= q° 


This example suggests that in multiplying 
like bases, the exponents are added. 
3) 


Ore, CRON OL Coe 
3 
a CPL We OMe: 


a* (three of the factors reduce) 


Likewise, division by exponential numbers of 
like bases results in subtracting their exponents. 


30 


A. Models: 





62 + 63 = 62*3 = 


31 


NO ere lO er ioe ex 1h? 
tc ee moi eS 
5 ye 7 
‘B. Models: “= 277% = x! 
: 8 
ee) 
a G50 ieee 
nl Perform the indicated operations. 
Lele) Fi ae ieee 4.46 
4.38 p= © po IB REG| 
10 
439° = 4.48 
at 
9 
ee ete) 4.49 
(a + b)* 
5 
ES pees 4.50 
207 
a a Gel 
ieee 
Ui iis Me TY Ti 4,52 
ULE TEA a de - 4,53 
4.45 ze 4.54 





2 


Models: ee pee = pot Ce) eee 





, a a Sal 
pee se po sep a i eee 
Pp 
oe = pi ko Wat) = x 8 
7 3 
-~7 
y y ; 
a 
= 
-4 5 
PaOME 0D) 4 De Loo) eee 
pinnae 
LOS] ee LEGS gems 
27 3 
4.58 Bool ae E264 7 pe? 
a p73 ae a a oh 
Cf: 
She ecient fair ae 1 6 
on ee ee ee x2? 
LEGO My aeickgpe oxy) DNe6 6 ae 
£054 


__ EXPONENTS OF EXPONENTIAL EXPRESSIONS. 


Exponential expressions can be simplified 
in the following manner: 


Simplify. (2°). 
By definition of exponential expressions, 


Ce) oer 6 ee 6 Fe 16 tt ery 


12 


Also, (p2)5 = p2 + p? - pe? + pt. p? = p19, 


The previous examples suggest the following 
theorem. 
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Paltits thee aera ale hes 


a Ete a = oP 


eae 
MPS Ruben ited 





Models: Simplify each of the following 
expressions: 


(27) = ? 


(5° = ok 

(a2p?)" = @®p? 

(x?)72 = 276 = 22 
a 


Simplify each of the following expressions and evaluate where 
possible. 








4.67  (”?)" ee | (eine ce 
feos (rye A Ie BE) 
in69e (a7 b7)2 4.80  (-4x°*)? 
Ger 66°). ete = 16 e. 

Ty Te RAC erie ae og Goose Gr>).9 
eile (2a7) SO a et ee Oe ea) 
4.73  (-522)? 4.84 Gat 
To Oke WBS Eres? 2) 
Leni Sieee(as 486) pea Ga-e 
Geom eyo) 4.87 73a?b)? 
4.77 RED 


____ COMBINING TERMS _ 





Algebraic expressions will need to be simpli- 
fied as much as possible. One such simplification 
process is to combine terms by addition or subtrac- 
tion. The distributive property also gives us the 
means by which terms may be combined. 
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The distributive property for real numbers 


a, b, and e follows this pattern: 


Il 


ab + ae a(b + ¢) and 


ab - ac = a(b - ee). 


Notice that a is a common factor on the left 


side of each equation; therefore, a may be 
“factored out" or set as the coeffictent of 
(b + ce) or ( = ec). 

Models: 32 tion = (3 + 5c = oe 
2Ze+ Jz = (2+ J)2 = 92 


Vko= Gk =. (9. = 3)k 6k 


Ty oy =: 2y SG) Sys 27 


=rOg = 2y 
= 410-2) y 


In the expression 7x + 6y, there is no common 
factor; therefore, the terms cannot be combined. 


Model 1: 5a + 2) = 32 


De Sa ZY 


GS) = Bana 2y 


Ze 27 


2x + 2y is the simplist form of 5x + 2y - 3c. 


Model 2: Simplify 62% + 2e7 = 32747). 


62° + 22? - 327 + y= (6 + 2)07 = 30? + y 


= 8r* - 3x% + y 





= (8 - 3)e* +y 
= 5a? + y 
Simplify when possible. 
AC Om oe Mra oe 4.91 10x? = y + 2 


4.89 8x7 - 2x? 4.92 
4.90 og 6q- =) 2a 4.93 
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28 Gee Miactlee) ate 5y 
7x - 4x 


4.94 10b% - 4p? AeLOSse ye ely ene. Y 
95 2a -telba- 204 Gy LOG s5ab + Sab -"2ab 
96 == 3a Fe ly = -y Era Sap + Gap + 5 
4.97- le + 2e 4+ Sy = 2y 45106) Sar Fo2y =o soy = 
498) L0a+-13a 4,107 l0xy + 3xy — 2ry 
DDD ret og = 12.95 4.108 6x7y - 4ey? 
4.100 18b - 20b Se VOQE Saati 2b. tap 
feLOl— 52 -- -6y +: 42 4.110 5abe + 7abe 
BO Lek QOe= «3b Ay ny Ld pad San ope- 
Model 1: 32 + 2) + 4c = 32 + 6°+ Gx (distributive 
| property) 
= 3x + 4x + 6 (commutative 
property) 
= Jat 6 
Model 2. 9G -. 2) + 3c 4:8) = oe. - 10 32 424 
=) Soot Se e210 oF 24 
= 62 414 
Model 3: ¢7 + 2(2-3).- 040 = 1) =. f+ 2e 36. = 4a 4 





4.112 


4.113 
4.114 
1 Bh Es 
4.116 


Simplify each of the following 


(ce) St 6 

7G +6) = 4 

15(2 - «) + 172 

7(x + 2) + 3(x + 1) 
Sr 3) = Ze 
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=2n+7-6-4¢ +4 


2x + 1-4e + 4 
2x - 4a +1+4 


= =22 -F 2 

expressions. 

Aki fi® MO. Cie yer )ister2 0 

B18 138-9355 = 322) 

lL = *LOCe e+ 4) (rete) 
Lilo (elm 2) A gee) 
Lee eo Cle ee 2) Foor — Ll) 


J122 79a 3) =" 42a =) 

pido 10 C=. 2a eo (Seon a) 

ei24. 2+ 1) tf 2 2) a Sire L) 
G29) iG Set 2 (ee) ye aa) 
Ge 2(e> 2 Le Se Fel) 

eiZ/) OG <9) = 24Ca +) 1) 

DLZOo Ae =. 6) Ga +1) 

UCI GO = 2a) 33 = saa) 











.130 20(1 - 22) + 4(7 - 22) 
.131  7(@ - 1) - 2(@ + 1) + 3(e - 4) 
PiS2ero(ae= bet 6(aatb). 1 ta. 2b) 
piso) O(a 9 = 2)t 64° = 4) 


Ga, eee ic ee ee = a 








Before you take this last Self Test, you may want to do one or more of these self checks. a 


D> 


1. Read the objectives. Determine if you can do them. 
_ 2,_____ Restudy the material related to any objectives that you cannot do. 
3. Use the SQ3R study procedure to review the material: 











a. Scan the sections. , : | | 
b. Question yourself again (review the questions you wrote initially). 
c. Read to answer your questions. _ 
d. Recite the answers to yourself. 
e. Review areas you didn’t understand. 
Ae Review all activities and Self Tests, writing a correct answer for each wrong 
answer. 











SELF TEST 4 
Complete these activities; a partial answer is incorrect (each answer, 
4 points). 


4,01 List all the elements of Set A if A = {x | x is an integer and 
= 65< pies 10) } 





ee 


4.02 Using the rule method, describe the set {18,39 9, Ge 21 95 724 ee 
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f £F | fF fF FF 


SSS aS ie oe SS) Ei a ty eS 


. 03 


.04 
109 
alls 
S07: 
.08 
09 
.010 


O1ll 
012 


non 
.014 


SUNS) 
OIL 
BOM, 


.018 
. O19 
7020 
2021 
ee 
025} 


How many subsets does the set {10, 13, 1, 5, 6} have? 


Civenmimemi caer mOwuhen = (alg, ee, b, rv} C = {m, a, .t, A} 
AL 83 = 
ACY B a 
ee NSN Gs = 


Bo CYE 


AUC NE Se a cP 2 Oe NE AE ells SCE eae 
ATO) = | 

AVE BEA Oe += 

Evaluate / 9) Dated? 274 

Evaluate § + 3 «4 + 6 

Given F(x) = 2u* - 3, find F(-2) 

Given f(x) = 3x - 1 and g(x) = -x + 6, find f(-2) + g(5) 





GiveneGi="1c-l, 7); (co, 2). (0, 0), (6; “6)2 


Domain of G = 





Range of G = 


2 


What is the range set of f(x) = x° if « is all real numbers? 





Given ”(p) = p? - 3p + q, find A(x). 
Evaluate 3*. 

Write (2x7) without exponents. 
Simplity (3a) °. 

Find (-2«©°) when « = -2. 


Evaluate 6° + 6: + 67. 
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Write true or false (each answer, 1 point). 


Ge 2G Fee he eae A) Ral wll Oa 

GOS Sa FBC Ona 

L026). 2 <= ew eS 0) 

Ogee eee ee LE Ave Bat eties ner s= 

SOG sere see, TS Cat e=) FB 

BOL 0P eee ee. AN cw A 

4.030 %  __ 3 + 5 = 5 + 3 is an example of the commutative propersy 
for addition. 

4,051 =. —-45{3 + 2) = 15 + 10 is an example.ofJthe assocrative 
property for addition. 

BO oee eae eg om PLE os? and a) <= yee Len er = 0. 

We ie eee Bh) = Od. pe 

4.034 155 Ll) C62 2), 46, 3) C8.) aceeerelarion: 

LO 35 CEE 2 C02 eC ae 2 ee ee rine Lone 

4.036 (e+y)° =aty. 

4.037 sag = 

4.038 TOs 4° 1028 =" 100" 


Simplify the following expressions (each answer, 3 points). 


[Pelion 
c03 ——_— 
: Bab? 
.040 48x7(16x)7! 


OGM or en tea © oh ee 


043 5(2x - 3) + 4(% + 1) 


4 
4 
4 
4.042 3(2 + 2) - 4ex 
4 
4.044 5(a + y) + 3(e - y) 
4 


S045 32° + Qe 4 = a? + 5 
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GLOSSARY a : “i 
axtom. A statement accepted as true without proof. 


closure. The condition that produces a unique element in the sum or 
product of two original elements. 


domain. The set composed of first elements from a set of ordered-pair 
numbers. 


element. One member of a set. 

empty set. A set with no elements. 

equal sets. Sets whose elements are identical. 

equivalent sets. Sets that contain the same number of elements. 

exponent. A small-sized number placed at the right of and above a symbol 
Se aha to indicate the number of times the symbol appears as a 


exponential notatton. A shorthand expression for repeated multiplication. 


finite set. A set in which the number of elements is bounded 
by an interval. 


funetton. A set of ordered-pair numbers such that for each first element 
there exists a unique second element. 


infinite set. A set in which the number of elements is limitless. 


integer. Any one of the numbers from negative infinity to positive 
Infinity. 


intersection of sets. A set whose elements are common to two other sets. 


inverse of a funetton. A set of ordered-pair numbers in which the range 
and domain sets are interchanged. 


natural numbers. Any one of the numbers from positive one to infinity. 


operatton. One of two mathematical procedures: addition or multiplica- 
Eton. 


range. The set composed of second elements from a set of ordered-pair 
numbers. 


relatton. A set of ordered-pair numbers. 

set. A collection of objects, concepts, or symbols. 

subset. A set whose members are also members of a second set. 

theorem. A statement requiring proof. 

unton of sets. A set whose elements appear in either of two other sets. 


whole numbers. Any one of the numbers from zero to Ini eye 
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